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(54) (Title of the invention) Dynamic groove machining device for dynamic bearings 

(57) (Abstract) 

(Problem) To provide a dynamic groove machining device for dy- [see source for figure] 

namic bearings whereby the electrode tool can be used for forming 
dynamic grooves by electrochemical machining over a longer period 
than in prior art. 

(Solution) The electrode tool 1 for machining dynamic grooves on 
the surface of a work piece W employs a structure whereby a conduc- 
tive part 13 based on the pattern of the dynamic grooves is exposed 
on the surface of a metal substrate 11 and the remaining area is 
coated with a resin layer 12 formed by adhering and baking on fine 
resin particles, thereby improving the strength of adhesion to the 
substrate 1 1 and greatly increasing the peeling endurance of the non- 
conductive material. 



(Scope of patent claims) 

(Claim 1) A dynamic groove machining device for dynamic 
bearings, being a dynamic groove niachining device wherein a 
work piece, on the surface of which dynamic grooves are to be 
formed, and an electrode tool, with conductive areas exposed 
in a specific pattern on its surface, are immersed facing each 
other into an electrolyte solution and are connected respec- 
tively to a positive pole and a negative pole and are electrified 
while electrolyte is made to flow between them, thereby form- 
ing dynamic grooves on the work piece surface in a shape 
corresponding to the exposed pattern of the conductive areas 
of the electrode tool, distinguished in that: 
said electrode tool has a structure whereby areas of the metal 
substrate surface outside of the aforementioned specific pat- 
tern are covered with a resin layer made by adhering and 
baking on fine resin particles. 

(Claim 2) A dynamic groove machining device for dynamic 
bearings, being a dynamic groove niachining device wherein a 
work piece, on the surface of which dynamic grooves are to be 
formed, and an electrode tool, with conductive areas exposed 
in a specific pattern on its surface, are immersed facing each 
other into an electrolyte solution and are connected respec- 
tively to a positive pole and a negative pole and are electrified 
while electrolyte is made to flow between them, thereby form- 
ing dynamic grooves on the work piece surface in a shape 
corresponding to the exposed pattern of the conductive areas 
of the electrode tool, distinguished in that 
said electrode tool has a structure whereby a resin sheet with 
holes preformed thereon in the aforementioned specific pattern 
is secured to the surface of a metal substrate. 
(Detailed description of the invention) 
(0001) 

(Technical field of the invention) The present invention relates 
to dynamic groove machining devices for machining dynamic 
grooves of dynamic bearings based on the electrochemical 
machining method. 
(0002) 

(Prior art) In recent years, dynamic bearing devices have come 
to be used frequently as the bearing devices employed in 
mechanisms requiring high speed and high precision rotation, 
such as hard disk drives. Generally, in dynamic bearings, a 
working fluid is injected between the shaft and the bearing, 
dynamic grooves are formed on either the shaft or the bearing, 
the pressure of the working fluid is increased by the pumping 
effect caused by relative rotation of shaft and bearing, and the 
like, and the shaft is supported in a rotatably state relative to 
the bearing by means of that dynamic pressure. 

(0003) For the dynamic grooves, patterns such as for instance 
a spiral pattern, V pattern or herringbone pattern are com- 
monly used, and in order to make their depth to a ±0.5 urn 
high precision, in the prior art, electrochemical machining has 
been primarily employed. 

(0004) Namely, when forming dynamic grooves of this type, a 
work piece made of conductive material and an electrode tool, 
which has conductive areas exposed on its surface in the pat- 
tern of the dynamic grooves, are immersed facing each other 
into an electrolyte solution, and the electrolyte solution is 
made to flow between them. The work piece is furthermore 
connected to a positive pole and the electrode tool is con- 
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nected to a negative pole and the two electrified, thereby 
causing areas of the work piece surface corresponding to the 
pattern of the conductive areas of the electrode tool to be 
eluted from the work piece surface, forming dynamic grooves 
corresponding to said pattern. 

(0005) The electrode tool used for electrochemical machining 
of such dynamic grooves generally employs a structure in 
which a metal area is exposed on the surface of a metal sub- 
strate in the pattern of the dynamic grooves, and the areas 
outside that p attern c oncealed bye oating with a n onconduc- 
tive material. In the prior art, this coating with a 
nonconductive material has entailed either forming a uniform 
resist film on the surface of the substrate and then removing 
the unneeded part using photolithographic techniques, or cut- 
ting away the area of the substrate surface outside of the 
dynamic groove pattern by etching or the like, and filling the 
resulting concavities with synthetic resin. 
(0006) 

(Problem to be solved by the invention) In the above sort of 
conventional electrode tools for dynamic groove machining, 
the nonconductive material employed is either a resist film 
formed on the substrate surface or synthetic resin that is 
merely filled in, so there has been the problem that a long life 
could not be achieved due to weak adhesion between the non- 
conductive material and substrate and proneness to peeling. 
(0007) The present invention was made in view of such cir- 
cumstances, and has the objective of providing a dynamic 
groove machining device for dynamic bearings whereby the 
electrode tool can be used for forming dynamic grooves by 
electrochemical machining over a longer period than in the 
prior art. 
(0008) 

(Means of solving the problem) To achieve the above objec- 
tive, the dynamic groove machining device for dynamic 
bearings of the invention relating to Claim 1, being a dynamic 
groove niachining device wherein a work piece, on the surface 
of which dynamic grooves are to be formed, and an electrode 
tool, with conductive areas exposed in a specific pattern on its 
surface, are immersed facing each other into an electrolyte 
solution and are connected respectively to a positive pole and 
a negative pole and are electrified while electrolyte is made to 
flow between them, thereby forming dynamic grooves on the 
work piece surface in a shape corresponding to the exposed 
pattern of the conductive areas of the electrode tool, is distin- 
guished in that said electrode tool has a structure whereby 
regions of the metal substrate surface outside of the aforemen- 
tioned specific pattern are covered with a resin layer made by 
adhering and baking on fine resin particles. 

(0009) Furthermore, to achieve the same objective, the dy- 
namic groove machining device for dynamic bearings of the 
invention relating to Claim 2 is distinguished in that it em- 
ploys an electrode tool having a structure whereby a resin 
sheet, with holes preformed thereon in the dynamic groove 
pattern to be machined, is secured to the surface of a metal 
substrate. 

(0010) The present invention improves the adhesion to the 
substrate of the nonconductive material that covers the un- 
needed area of the surface of the metal substrate so as to 
expose conductive areas in the pattern of the dynamic grooves 
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on the surface of said substrate. In the invention relating to 
Claim 1, a resin layer formed by adhering and baking on fine 
resin particles is used as the nonconductive material, thereby 
allowing the strength of adhesion to the substrate to be greatly 
improved compared to conventional resist film forming or 
resin filling. Here, in the invention relating to Claim 1, one 
can employ either the method of spraying on fine resin parti- 
cles in the form of a slurry onto the substrate surface in the 
required pattern and baking them on in that state, or the 
method of baking on fine resin particles onto the entire surface 
of the substrate and then removing the unneeded portions with 
a laser or the like to pattern into the required shape. Further- 
more, polyimide resin or the like, which has high insulating 
properties, can be favorably e mployed as the material of the 
fine resin particles. 

(001 1) Moreover, in the invention relating to Claim 2, an elec- 
trode tool is used, which has a structure whereby a resin sheet 
patterned in advance into the required shape is secured by 
means of adhesive or the like onto the surface of a metal sub- 
strate. An electrode tool of this structure also allows the 
adhesive strength of the nonconductive material to the sub- 
strate to be greatly improved compared to conventional 
electrode tools in which nonconductive material is adhered by 
conventional resist film forming or resin filling. 

(0012) Furthermore, in the invention relating to Claim 2, since 
a prepatterned resin sheet is glued to the substrate, there is the 
advantage of being able to reuse the substrate itself even if 
gluing fails, as well as the advantage of allowing the electrode 
tool manufacturing process to be simplified. 

(0013) 

(Modes of embodiment of the invention) Below, modes of the 
embodiment of the present invention are described while re- 
ferring to the drawings. Figure 1 is a schematic illustrating the 
overall constitution of a dynamic groove machining device for 
dynamic bearings according to the present invention, and Fig- 
ure 2 is a longitudinal cross-section of the electrode tool 1 
thereof. 

(0014) The work piece W is arranged inside the macriining vat 
2 in a state with the surface on which dynamic grooves are to 
be formed facing the electrode tool 1. The machining vat 2 is 
provided with pipelines 4a and 4b that connect with an elec- 
trolyte solution vat 3. Electrolyte solution is driven by the 
pump 5 to flow between the work piece W and the electrode 
tool 1. 

(0015) The positive pole of a machining power supply 6 is 
connected to the work piece W, while the negative pole of the 
rnachining power supply 6 is similarly connected to the elec- 
trode tool 1. With electrolyte solution flowing between the 
work piece W and electrode tool 1, for instance pulsed current 
is made to flow between them. 

(0016) On the surface of the electrode tool 1 facing the work 
piece W, a conductive pattern 13 is formed, consisting of a 
metallic substrate 11 exposed in a required pattern, as de- 
scribed below. Electric current from the macriining power 
supply 6 flows between the conductive pattern 13 of the elec- 
trode tool 1 and the work piece W when electrolyte is 
interposed between them, whereby the work piece is eluted 
through an electrochemical reaction at positions facing the 
conductive pattern 13, and dynamic grooves of the same pat- 



tern as the conductive pattern 13 of the electrode tool 1 are 
formed on the surface of the work piece W. The magnitude of 
the current flowing between the work piece W and the elec- 
trode tool 1 is measured moment by moment by means of an 
unillustrated ammeter, and the electrification time is likewise 
measured by an unillustrated timer or the like. The electrifica- 
tion time is controlled based on predetermined data on the 
relationship between current density and groove machining 
quantity (depth), thereby forming dynamic grooves of the re- 
quired depth on the surface of the work piece W. 

(0017) The electrode tool 1, as shown in Figure 2, has a struc- 
ture whereby a resin layer 12 constituting a nonconductive 
material is formed in a required pattern on the surface of the 
metal substrate 1 1 which faces the work piece W, coating ar- 
eas thereof such that a conductive pattern 13 exposed to the 
outside is formed in the remaining areas. 

(0018) This resin layer 12 is made by adhering fine particles 
of resin with excellent insulating characteristics, such as poly- 
imide resin, by spraying them on the surface of the substrate 
11, and then securing them by baking. Namely, as shown 
schematically in Figure 3, fine particles P of polyimide resin 
one to several um in diameter are made into a slurry, which is 
sprayed onto the surface of the substrate 11 through a fine 
nozzle N while controlling its movement in the required pat- 
tern for instance by means of a servo mechanism or the like. 
Here, an adhesive layer or the like matching the formation 
pattern of the resin layer 12 may be formed in advance on the 
surface of the substrate 1 1 by techniques such as printing. 
Then, after fine particles of resin have been adhered in the 
required pattern to the surface of the substrate 1 1, the entirety 
of it is heated to secure the fine resin particles to the surface of 
the substrate 11 by baking, obtaining a resin layer 12. The 
thickness of this resin layer 12 is tens of urn 

(0019) Other methods of forming the resin layer 12 that can be 
used include the method whereby, as shown in Figure 4 (A), 
the same fine resin particles P as above are adhered to the en- 
tirety of the surface of the substrate 1 1 on which the resin 
layer 12 is to be formed and are secured by baking to form a 
resin layer 120, after which, as shown in Figure 4 (B), a resist 
film R is formed in the required pattern on the surface of the 
resin layer 120 by photolithographic techniques or the like, 
and subsequently, the unneeded portions of resin are removed 
by means of shot blasting, laser irradiation or the like to obtain 
a resin layer 12 in the required pattern. 

(0020) According to the above mode of embodiment of the 
present invention, since the nonconductive material, which is 
used to cover the surface of the metal substrate 1 1 and expose 
only a conductive pattern 13 in the shape of the dynamic 
grooves, is formed into a resin layer 12 made by adhering fine 
resin particles and securing them to the substrate 1 1 by baking, 
the strength of adhesion to the substrate 11 is extremely 
strong, making it possible to greatly increase the peeling en- 
durance compared to when the substrate 1 1 is covered with a 
conventional resist film coating or the like as the nonconduc- 
tive material. 

(0021) Here, the above electrode tool 1 involved an applica- 
tion o f the invention r elating t o C laim 1 . N ext, a n e lectrode 
tool involving the application of the invention relating to 
Claim 2 will be described. The dynamic groove machining 
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device of the invention relating to Claim 2 is the same as that 
shown in Figure 1, with only the structure of the electrode tool 
being different. Figure 5 is a longitudinal cross-section of such 
an electrode tool 10. This electrode tool 10 is distinguished in 
that the same conductive pattern 13 as in the preceding exam- 
ple is formed by gluing a resin sheet 102 with adhesive or the 
like to the surface of the same metal substrate 1 1 as in the pre- 
ceding example. 

(0022) The resin sheet 102 in this mode of embodiment is 
prepatterned, having holes 130 in the same pattern as the con- 
ductive pattern 13 formed by shot blasting or the like in an 
approximately 100 um thick resin sheet material 102' prior to 
gluing to the substrate 1 1, as shown in Figure 6. By gluing this 
sort of prepatterned resin sheet 102 to the substrate 11 using 
an appropriate adhesive, a high strength of adhesion of the 
resin sheet 102 to the substrate 1 1 can be easily achieved. This 
mode of embodiment also makes it possible to greatly increase 
the peeling endurance compared to when the substrate 1 1 is 
covered with a conventional resist film coating or the like as 
the nonconductive material. 

(0023) Furthermore, this mode of embodiment has the advan- 
tage that the substrate 1 1 itself can be reused even if the 
operation o f s ecuring t he r esin s heet 1 02 t o t he s ubstrate 1 1 
should fail, as well as the advantage of making it possible to 
simplify the manufacturing process for the electrode tool 1. 

(0024) While the above modes of embodiment illustrated 
cases where the present invention was applied to the process 
of forming thrust dynamic grooves, the present invention can 
of course be equally applied to the process of forming radial 
dynamic grooves. 

(0025) 

(Effect of the invention) As can be send from the above, ac- 
cording to invention relating to Claim 1, the electrode tool for 
forming dynamic grooves on a work piece by electrochemical 
machining employs a structure whereby fine resin particles are 
adhered and baked on to form a resin layer as the nonconduc- 
tive material covering a portion of the metal substrate surface 
so as to expose a conductive pattern in the pattern of the dy- 
namic grooves on said substrate surface. Consequently, the 
adhesion to the substrate becomes stronger and the peeling 
endurance can be greatly improved compared to when conven- 
tional resist film coating or resin filling is used to cover the 



substrate with a nonconductive material. 
(0026) Furthermore, according to the invention relating to 
Claim 2, the electrode tool for similarly forming dynamic 
grooves on a work piece by electrochemical machining em- 
ploys a structure whereby the nonconductive material, which 
covers a portion of the metal substrate surface so as to expose 
a conductive pattern in the pattern of the dynamic grooves on 
said substrate surface, is secured by gluing or the like to the 
substrate surface in the form of a resin sheet with holes pre- 
formed in the pattern of the dynamic grooves. Consequently, 
similarly to the above, the adhesion of the nonconductive ma- 
terial to the substrate becomes stronger compared to 
conventional electrode tools of this type, allowing their peel- 
ing endurance to be greatly improved. Furthermore, this 
invention is effective for allowing reuse of the substrate and 
simplification of the electrode tool manufacturing process. 
(Brief description of the drawings) 

(Figure 1) A schematic illustrating the entire constitution of a 
dynamic groove machining device constituting a mode of em- 
bodiment of the invention relating to Claim 1. 
(Figure 2) A longitudinal cross-section of the electrode tool 1 
in Figure 1 , 

(Figure 3) An explanatory drawing of an example of a method 
of manufacturing the electrode tool 1 of Figure 2. 
(Figure 4) An explanatory drawing of another example of a 
method of manufacturing the electrode tool 1 of Figure 2. 
(Figure 5) A longitudinal cross-section of an electrode tool 10 
used in the invention relating to Claim 2. 
(Figure 6) An explanatory drawing of an example of a manu- 
facturing method for the electrode tool 10 of Figure 5. 
(Description of symbols) 

1 Electrode tool 

11 Substrate 

12 Resin layer 

13 Conductive pattern 

2 Machining vat 

3 Electrolyte solution vat 
4a, 4b Pipeline 

5 Pump 

6 Machining power supply 
102 Resin sheet 

130 Hole 



(Figure 2) (Figure 3) (Figure 4) 

[see source for figures] 



(Figure 1) 
[see source for figures] 
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Machining power supply - 6 



(Figure 6) 
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